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1.  INTRODUCTION 


1.1  Background  Information.  The  wash  primer  that  became  DOD-P- 15328  was  developed  during 
World  War  II  under  U.S.  Government  contract  by  the  Bakelite  Company  because  of  an  urgent  need  for 
a  substitute  metal  pretreatment  in  ship  construction.  The  two-component  system  consisted  of  a  zinc 
chromate,  rust-inhibiting  pigment  in  a  flexible,  adhering  polymer  solution  activated  by  phosphoric  acid 
just  before  use.  Since  its  development,  the  wash  primer  has  performed  admirably  to  passivate  the  metal 
surface  against  corrosion  and  to  act  as  a  tiecoat,  enhancing  the  adhesion  of  subsequent  primersAopcoats. 
In  the  struggle  against  corrosion  of  tactical  vehicles,  the  U.S.  Army  requires  that  ferrous  metal  surfaces 
be  treated  with  a  zinc  phosphate  itrunersion  system  or  a  wash  primer  prior  to  coating  with  an  epoxy  primer 
and  a  urethane  camouflage  topcoat 

Due  to  recent  Environmental  Protection  Agency  (EPA)  regulations,  the  use  of  the  wash  primer  by  U.S. 
Army  depots  that  refurbish  older  equipment  has  come  under  close  scrutiny.  The  hexavalent  zinc  chromate 
makes  the  application  process  subject  to  toxic  waste  regulations  and  the  high-solvent  content,  low-solids 
percent  results  in  high  volatile  organic  compound  (VOQ  content. 

1.2  Objectives.  Commercial  vendors  have  unsuccessfully  attempted  to  come  up  with  replacements 
for  the  wash  primer  by  formulating  changes  only  in  the  pigmentation,  and  by  going  to  waterborne  (WB) 
systems  with  nontoxic  corrosion-inhibiting  pigments.  So  far,  no  one  has  been  able  to  completely 
formulate  an  equivalent  replacement.  During  FY94,  an  acid-tolerant  WB  polymer  showed  promising 
results  comparable  to  the  control  wash  primer.  However,  imacceptably  long  solvent  retention  and  film 
softening  occurred  when  topcoated  with  the  solvent-type  epoxy  primer  MIL-P-53022. 

Our  objective  for  FY95  was  to  evaluate  WB-polymer  systems  that  would  have  good  adhesion  to  metal 
and  good  intercoat  adhesion  to  the  epoxy  primer  without  solvent  entrapment  and  the  resultant  slow  cure. 

2.  EXPERIMENTAL 

2.1  Reactions  of  the  Wash  Primer.  The  current  wash  primer,  when  activated  with  tire  phosphoric 
acid,  performs  the  following  three  functions: 
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•  As  a  dilute  alcoholic  solution  of  phosphoric  acid,  phosphates  the  metal  surface. 

•  As  a  solution  of  chromium  ions,  passivates  the  metal  surface. 

•  As  a  resin  solution,  seals  the  metal  surface  against  corrosive  attack. 

The  zinc  chromate  is  basic  in  nature  and  reacts  readily  with  phosphoric  acid  to  form,  in  the  presence 
of  an  oiganic  polymer  solution,  a  mixture  of  chromium  in  cationic  and  anionic  forms,  rhmmiiim  is 
available  for  passivating  the  phosjdiate  surface  with  the  formation  of  a  wide  scope  of  chdates  and 
complexes.  The  most  likely  complex  in  this  reaction  is  tiiat  of  chromium  with  the  acetal  groups  of  the 
polymer  in  the  fonnation  of  a  three-dimensional  oiganic-metallic  polymer  (see  Figure  1).^  Thus,  the 
three  processes  of  phosphating,  passivating,  and  polymers  sealing  explain  the  excellent  results  achieved 
by  wash  primers  on  ferrous  and  nonfenous  metal  surfaces.^ 


<—  Polyvinyl  but)^ 

<—  Mixture  of  zinc  phosphate  pigment  and  resin 
<~  Phosphate  coating 

<—  Iron  oxide  layer 

Steel  base 


Figure  1.  Stylized  diagram  of  the  wash  primer  film  with  vertical  lines 
representing  the  chromium-phosohorous  polymer  complex. 


2.2  WB  Polymers.  During  the  annual  Paint  Show  and  Exhibition  in  New  Orleans  in  October  1994, 
we  thoroughly  canvassed  all  of  the  polymer-producing  companies.  This  resulted  in  the  sulxnission  of  six 
WB,  acid-tolerant  polymers  from  four  companies. 


^Kruger,  L,  and  M.  C.  Bloom.  Industrial  and  Engineering  Chemistry,  vol.  48,  pp.  1356-60,  1956. 


Chandla-,  R.  H.  Paint  Technology,  vol.  20,  no.  7,  1973. 
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2.3  Testing. 


2.3.1  Polymer  Evaluation.  The  defining  test  was  the  coating  of  the  six  polymer  films  with  the 
standard  solvent-type  epoxy  primer,  MIL-P-53022,  and  observing  the  film  hardness  after  24  hours  of  air 
drying. 

The  six  WB  polymers  were  first  evaluated  as  clear  coatings  with  the  addition  of  1%,  2%,  and  3% 
phosphoric  acid  reduced  to  half  strength  with  water.  From  previous  experience,  we  knew  that  50% 
reduction  of  85%  phosphoric  acid  prevented  shock  and  gelation  from  occurring.  All  six  polymers  tolerated 
the  addition  of  reduced  phosphoric  acid  with  some  variations  in  haze  and  ai^arance.  Drawdowns  on 
cold-rolled  steel  were  made  at  1.5  mil  and  3.0  mil  wet,  resulting  in  dry  films  of  0.3  and  0.6,  respectively. 
Half  of  the  panels  were  air  dried  for  24  hours  and  half  were  air  dried  for  24  hours  and  force  dried  for 
3  hours  at  105°  C.  Then  all  of  the  panels  were  spray  coated  with  the  epoxy  primer  and  air  dried  for 
24  hours  before  evaluation  of  hardness.  The  control  film  of  MIL-P-53022  over  IX)D-P-15328  was 
typically  hard  to  resist  film  rapture  by  the  edge  of  a  coin.  AH  of  the  WB  polymers  topcoated  wifli  the 
epoxy  primer  were  easily  ruptured  by  the  coin’s  edge.  At  least  7  days  of  air  drying  were  required  to  resist 
this  coin  scramh  test. 

Even  though  all  of  these  polymers  softened  when  topcoated  with  the  solvent-based  epoxy  primer,  test 
panels  were  air  dried  for  2  weeks  and  subjected  to  water  immersion  and  a  cyclic  ultraviolet  (UV)- 
condensate  exposure  of  4  hours  UV  at  60°  C  and  4  hours  of  condensate  at  50^  C.  Each  panel  had  three 
different  areas — ^wash  primer  only,  MIL-P-53022  only,  and  wash  primer  topcoated  with  the  epoxy  primer. 

Initial  exposure  of  these  six  polymers  to  200  hours  of  UV  condensate  eliminated  four  systems.  The 
best  two  systems  were  again  exposed  to  200  hours  of  UV  condensate  with  a  larger  variation  in  film 
thickness.  One  of  these  WB  polymers  showed  very  good  adhesion  to  bare  metal  and  good  resistance  to 
rust  creepage  at  the  scribe  mark.  However,  as  noted  earlier,  aU  of  these  WB  polymers  caused  the  epoxy 
topcoat  to  entrap  solvents  and  soften  the  film  for  many  days. 

Panels  prepared  as  above  from  the  two  polymer  systems  and  air  dried  for  2  weeks  were  immersed  in 
water  for  4  hours.  One  system  showed  severe  softening,  the  other  slight  softening. 
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2.3.2  Vendors  Panel  Evaluation.  One  of  the  major  suppliers  of  acrylic  polymers  to  the  coating 
industry  submitted  four  formulations  for  evaluation,  with  the  aim  of  minimizing  the  "softening"  effect  on 
the  epoxy  primer.  Parts  of  the  supplier-coated  metal  panels  were  sprayed  with  the  epoxy  primer  and 
allowed  to  air  dry  for  3  days.  Pencil  hardness  tests  gave  these  results:^ 

Panel  A  +  MIL-P-53022  =  Greater  than  6B 
Panel  B  +  MIL-P-53022  =  Greater  than  6B 
Panel  C  +  MIL-P-53022  =  Greater  than  6B 
Panel  D  +  MIL-P-53022  =  3B 
Control,  MIL-P-53022  =  HD 

As  the  previous  data  show,  only  one  formulation  showed  any  resistance  to  the  softening  of  the  coating 
system.  However,  even  this  improvement  resulted  in  severe  softening.  The  epoxy  film  was  applied  at 
two  different  thicknesses,  approximately  1  mil  and  2  mil  dry.  There  was  no  difference  in  the  hardness 
values  due  to  epoxy-primer  film  thickness. 

Another  resistance  test  was  run  on  the  four  panels  as  received.  The  U.S.  Army  uses  Decontamination 
Solution  No.  2  (DS2)  to  test  the  chemical  agent  resistant  coating  (CARQ  camouflage  topcoat.  The 
coatings  have  to  show  no  effect  after  exposure  for  30  minutes  in  a  spot  test  The  four  panels  showed 
these  results: 

Panel  A  =  Slight  softening,  recovered 

Panel  B  =  No  effect 

Panel  C  =  Severe  softening,  film  destroyed 
Panel  D  =  Moderate  softening,  recovered 
MIL-P-53022  =  No  effea 

2.3.3  Acetone-Modified  Formula.  During  this  testing  period,  it  was  published  in  the  Federal  Register 
that  the  EPA  exempted  acetone  as  a  solvent  in  VOC  calculations.  This  opened  up  the  possibility  of 
reformulating  DOD-P-15328  with  the  same  vinyl  butyral  resin,  but  using  acetone  in  place  of  isopropanol. 
Although  the  fast  evaporation  rate  of  acetone  imposes  limits  on  the  formulation,  various  blends  of  acetcme, 
butanol,  water,  n-methyl^yirolidine,  and  isopropanol  were  made  and  evaluated  in  their  ability  to  form  a 
clean  wet  and  dry  film  using  a  vinyl  butyral  resin  having  the  best  published  solubilities.  Figure  2  shows 
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American  Society  for  Testing  and  Materials  (ASTM).  "Standard  Test  Method  for  Film  Hardness  by  Pencil  Test.”  ASTM 
D3363-92a,  1992. 
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NOTE:  In  general,  solvents  having  8,  y  within  the  bounded  areas  are  solvents;  fliose  outside  the  area(s)  are  nonsolvents. 


Figure  2.  Solubility  of  various  Butvar  resins  plotted  against  solubilit 
arameter  (81  and  hvdrogen-bonding  index 


the  solubility  parameter  and  hydrogen-bonding  index  chart  for  the  bound  areas  of  solubility  for  various 
vinyl  butyral  resins.  These  charts  are  veiy  good  predictors  when  various  solvents  have  to  be  chosen  for 
cost,  solvency,  evj^ration  rate,  and  other  reasons. 


From  the  initial  laboratory  formulations  made  with  acetone,  it  appears  possible  to  reformulate 
DOD-P-19538  at  3.5-lb/gal  VOC.  Once  a  workable  formula  exists  at  3.5  VOC,  then  the  chromate- 
pigment  replacement  testing  can  begin. 


3.  DISCUSSION  AND  CONCLUSIONS 


Six  WB  polymers  and  the  four  formulated  systems  were  evaluated  for  resistance  to  solvent  absorption 
and  entrapment  when  coated  with  the  widely  used  U.S.  Army  epoxy  primer.  We  knew  at  that  time  that 
another  ^proach  was  necessary  to  solve  this  problem.  We  could  not  field  a  system  that  required  2  weeks 
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of  air  drying  to  reach  a  minimum  hardness  when  the  wash  coat  is  coated  with  the  epoxy  primer.  We  did 
evaluate  the  water-reducible  epoxy  primer  MIL-P-53030  by  topcoating  the  six  WB  polymers.  Although 
no  problem  with  solvent  retention  and  film  softening  was  found,  this  combination  would  be  only  a  partial 
solution. 

The  appearance  of  organic  solvents  that  are  not  counted  as  VOC,  such  as  acetone,  offers  the  possibility 
to  reformulate  the  wash  primer  to  meet  the  3.5  Ib/gal  VOC  without  changing  the  polymer  system.  This 
approach  will  be  tried  in  FY96. 


6 


NO.  OF 

COPIES  ORGANIZATION 

2  DEFENSE  TECHNICAL  INFO  CTR 
ATTN  DTIC  DDA 

8725  JOHN  J  KINGMAN  RD 
STE0944 

FT  BELVOIR  VA  22060-6218 

1  DIRECTOR 

US  ARMY  RESEARCH  LAB 
ATTN  AMSRL  OP  SD  TA 
2800  POWDER  MILL  RD 
ADELPHI  MD  20783-1145 

3  DIRECTOR 

US  ARMY  RESEARCH  LAB 
ATTN  AMSRL  OP  SD  TL 
2800  POWDER  MILL  RD 
ADELPHI  MD  20783-1145 

1  DIRECTOR 

US  ARMY  RESEARCH  LAB 
ATTN  AMSRL  OP  SD  TP 
2800  POWDER  MILL  RD 
ADELPHI  MD  20783-1145 


ABERDEEN  PROVING  GROUND 

2  DIR  USARL 

ATTN  AMSRL  OP  AP  L  (305) 


7 


NO.  OF  NO.  OF 

COPIES  ORGANIZATION  COPIES 


2  COMMANDER 

US  ARMY  MATERIEL  COMMAND 

ATTN  AMCCE  Q  1 

AMCDMAML 

5001  EISENHOWER  AV 

ALEXANDRIA  VA  22333-0001  1 

1  DIRECTOR 

US  ARMY  RESEARCH  LABORATORY 

ATTN  AMSRL  MA  PE 

FORT  BELVOIR  VA  22060-5812 

2  COMMANDER 

US  ARMY  NATICK  RD&E  CTR 
ATTN  STRNC  EP 
STRNCML 

NATICK  MA  01760-5014 

1  USA  NGIC 

ATTN  AMCST  IS3 
220  7TH  STREET  NE 
CHARLOTTESVILLE  VA  22901-5396 

1  US  ARMY  CORPS  OF  ENGINEERS 

ATTN  DAEN  ASI  TECH  LIBRARY 
20  MASSACHUSETTS  AVENUE  NW 
ROOM  3119 

WASHINGTON  DC  20314 

1  NAVAL  AIR  SYSTEMS  COMMAND 

ATTN  TECH  LIBRARY 
AIR00D4 

WASHINGTON  DC  20361 

1  NAVAL  SEA  SYSTEMS  COMMAND 

LIBRARY  DOCUMENTATION  BRANCH 
SEA  9661 

WASHINGTON  DC  20362 

1  WRIGHT  LABORATORY  (AFMC) 

ATTN  TECH  LIBRARY 

WRIGHT  PATTERSON  AFB  OH  45433 

1  NAVAL  RESEARCH  LAB 

ATTN  TECH  LIBRARY 
WASHINGTON  DC  20375 


ORGANIZATION 

ABERDEEN  PROVING  GROUND 

CDR  USA  CRDEC 
ATTN  AMSMC  QAV 

CDR  USA  ATC 
ATTN  STRAP  IM  AL 


8 


USER  EVALUATION  SHEET/CHANGE  OF  ADDRESS 


This  Laboratory  undertakes  a  continuing  effort  to  improve  the  quality  of  the  reports  it  publishes.  Your  comments/answers 
to  the  items/questions  below  will  aid  us  in  our  efforts. 

1.  ARL  Report  Number/Author  ARL-TR-1140  fChesonis) _ Date  of  Report  July  1996 _ 

2.  Date  Report  Received _ _ _ 

3.  Does  this  report  satisfy  a  need?  (Comment  on  purpose,  related  project,  or  other  area  of  interest  for  which  the  report 

will  be  used.) _ _ _ 


4.  Specifically,  how  is  the  report  being  used?  (Information  source,  design  data,  procedure,  source  of  ideas,  etc.) 


5.  Has  the  information  in  this  report  led  to  any  quantitative  savings  as  far  as  man-hours  or  dollars  saved,  operating  costs 
avoided,  or  efficiencies  achieved,  etc?  If  so,  please  elaborate. _ _ 


6.  Cjeneial  Comments.  What  do  you  think  should  be  changed  to  improve  future  reports?  (Indicate  changes  to 
organization,  technical  content,  format,  etc.) _ _ _ 


Organization 

CURRENT  Name 

ADDRESS  _ 

Street  or  P.O.  Box  No. 

City,  State,  Zip  Code 

7.  If  indicating  a  Change  of  Address  or  Address  Correction,  please  provide  the  Current  or  Correct  address  above  and  the 
Old  or  Incorrect  address  below. 


OLD 

ADDRESS 


City,  State,  Zip  Code 

(Remove  this  sheet,  fold  as  indicated,  tape  closed,  and  mail.) 
(DO  NOT  STAPLE) 


Organization 


Name 


Street  or  P.O.  Box  No. 


